Background: Sleep-related movement disorders (SRMD) have been shown to increase the risk of cardiovascular diseases. However, the relationship between SRMD and stroke remains unclear. Aim: To explore the relationship between SRMD and stroke in the general population. Design: Two cohorts of patients with SRMD and without SRMD were followed up for the occurrence of hemorrhagic and ischemic stroke. Methods: The study cohort enrolled 604 patients who were initially diagnosed as SRMD between 2000 and 2005. 2,416 ageand sex-matched patients without prior stroke were selected as the comparison cohort. A Cox-proportional hazard regression analysis was performed for multivariate adjustment. Results: Patients with SRMD had a higher risk for developing all-cause stroke [adjusted hazard ratio (HR) ¼ 2.29, 95% confidence interval (CI) ¼ 1.42-3.80]. Patients of below 45 years old had the greatest stroke risk (HR ¼ 4.03, 95% CI ¼ 3.11-5.62), followed by patients aged 65 years (HR ¼ 2.64, 95% CI ¼ 1.12-3.44) and 45-64 years (HR ¼ 1.07, 95% CI ¼ 1.02-1.71). The agestratified analysis suggested that the increased risk of hemorrhagic stroke was more significant than ischemic stroke among Original paper all age groups. Furthermore, males with SRMD were at greater risk to develop all-cause stroke (HR ¼ 2.98, 95% CI ¼ 1. 74-4.50) than that of females (HR ¼ 1.94, 95% CI ¼ 1.01-3.77). Conclusions: Patients with SRMD were found to have an increased risk of all-cause stroke along with a higher possibility of hemorrhagic stroke over ischemic stroke.
Introduction
Accumulating evidence suggests that sleep disorders may be associated with the occurrence of stroke. 1 For example, obstructive sleep apnea (OSA) increases the risk of atherosclerosis and plaque formation by increasing inflammatory mediators which is linked to a higher risk of stroke. 2, 3 In this regard, continuous positive airway pressure (CPAP) which is an effective therapeutic management of OSA, has been recommended for stroke prevention and the use of CPAP has been demonstrated to reduce the increased incidence of refractory hypertension. 4, 5 In contrast, the relationship between sleep-related movement disorders (SRMD) and stroke remains to be elucidated and hence, a large-scale longitudinal study is needed to provide the epidemiological evidence.
Among sleep disorders, there are two major types of limb movements. One is restless legs syndrome (RLS) which leads to an urge to move legs that worsens at night and at rest, is partially relieved with movement. 6 The other is periodic limb movement disorder (PLMD) which is defined as leg movements seen during polysomnography and last 0.5-10 s and occur every 5-90 s and at least four movements occur consecutively with at least an 8 lV increase in amplitude from baseline as seen in the limb movement leads. 7 These movements may be associated with an arousal and can cause excessive daytime sleepiness in the presence of sleep disruption at night. It has been reported that about 80% of RLS patients were found to have PLMD during sleep. 8 The prevalence of RLS and PLMD was reported to be 5.5 and 3.9% respectively in cross-sectional studies of general population in a large telephone survey in Europe and heart diseases were reported to be associated with both types of SRMD. 9 Although a positive correlation between SRMD and cardiovascular diseases has been demonstrated, 10 only a few studies have been focused on cerebrovascular complications of SRMD in specific patient groups at a small scale. 9, [11] [12] [13] Moreover, the SRMD were regarded as the post-stroke complications in most of the studies, 14, 15 and the potential predictive value of the development of SRMD in stroke prevention has not been explored. 16 On the other hand, stroke is considered to be one of the most common causes of death and disability in Taiwan and worldwide. Though the major risk factors in stroke have been established, up to 40% of stroke patients may have health conditions other than that of the established stroke risk factors, which predispose a selected population to stroke. 17, 18 A detailed study on the relationship between SRMD and stroke is absolutely necessary before an effective management for SRMD is strongly recommended for stroke prevention. With this background, the present study was aimed to ascertain whether patients with SRMD had an elevated risk of developing stroke during more than 5 years of follow-up, using data from the Taiwan National Health Insurance Research Database.
Materials and methods

Data source
This study was conducted with an aim to investigate the association between the SRMD and the subsequent stroke using the data deduced from Longitudinal Health Insurance Database (LHID) which is a sub-database of National Health Insurance (NHI) program, Taiwan that covers over 99% of Taiwanese citizens (23 million). The LHID contains the records of inpatients, outpatients and ambulatory care services, covering the period from 1996 to 2010. The diagnostic coding system accepted by the NHI was the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). The data in the LHID have been de-identified before releasing for research. This study protocol was reviewed by Institutional Review Board of Tri-Service General Hospital (TSGHIRB No.: 2-104-05-045).
Study sample
The study group and a comparison cohort were selected from the LHID (as shown in Figure 1 ). The study group comprised all patients who had been diagnosed for SRMD based on ICD-9-CM codes 327.5 or 333.9 for the first time from 2000 to 2005 (N ¼ 604). Among all the SRMD patients, 492 (81.5%) and 112 (18.5%) had PLMD (ICD-9-CM 327.5) and RLS (ICD-9-CM 333.9), respectively. The index date of SRMD cohort was the first date of SRMD diagnosis. We randomly selected 2416 subjects (a sample size 4-fold that of the SRMD group) and the index date of these age-and sex-matched comparison cohort was randomly assigned a month and a day with the same year of the matched cases. Each patient was then followed up from the index date until the occurrence of stroke. For those who did not have stroke, the last day of follow-up was defined as the date of insurance withdrawal or the last day of the study period (December 31, 2010).
Definitions of stroke subtypes by ICD classification
The stroke subtypes were classified into hemorrhagic stroke (ICD-9-CM 430-432) and ischemic stroke (ICD-9-CM 433-437). The computed tomography (CT) or magnetic resonance imaging (MRI) was used to further confirm the diagnosis of stroke and to confirm that the patient was a new stroke case rather than someone with a history of stroke. The stroke-associated comorbidity was defined that the individual with a history of the comorbidity before the index date and it included hypertension (ICD-9-CM 401-405), diabetes mellitus (DM, ICD-9-CM 250), ischemic heart disease (IHD, ICD-9-CM 410-414), hyperlipidemia (ICD-9-CM 272), atrial fibrillation (AF, ICD-9-CM 427.3) and obstructive sleep apnea (OSA, ICD-9-CM 780.5).
Statistical analysis
The continuous variables were presented as mean and standard deviation (SD) and the categorical variables as number and percentages. The differences between the study group and the comparison cohort in the distribution of demographic characteristics (age and sex) and comorbidities were examined by t-test (age) and chi-square test (sex and comorbidities). The incidence density of stroke was measured for SRMD and comparison cohorts that the total stroke event divided by the total sum of follow-up years (per 1000 person-years). Cox proportional hazard regression analysis was performed to calculate the adjusted hazard ratios (HR) with 95% of confidence intervals (CI) for stroke risk between SRMD and comparison cohorts. To investigate the interaction of covariates in relation to the association between SRMD and stroke, we have calculated the adjusted HR stratified by age (<45, 45-64, 65 years), sex and follow-up time. We have also measured and compared the cumulative incidence curves between SRMD and comparison cohorts by Kaplan-Meier method and tested the difference in curves by log-rank test. All statistical analyses were performed with SPSS software version 22.0. A two-tailed P values of <0.05 was considered as statistically significant.
Results
A total of 604 patients diagnosed with SRMD and 2416 age-and sex-matched controls for comparison were included in this cohort study. Demographic characteristics of both groups were presented in Table 1 . There were no significant differences in distribution of age, sex and comorbidities between the study group with SRMD and the comparison cohort. The mean age was about 57 years and the majority of participants in two cohorts were male (56.29%).
Our data showed that over 5-year follow-up, 11.6% of SRMD patients (n ¼ 70) developed all-cause stroke with an overall rate of 31.31 cases per 1,000 person-years, of which 14 were hemorrhagic and 56 were ischemic stroke. In the comparison cohort, 87 non-SRMD individuals (3.6%) had stroke and 6 and 81 were hemorrhagic and ischemic respectively. The results revealed that the patients with SRMD had a 2.29 times (95% CI ¼ 1.42-3.80, P < 0.001) higher risk to develop all-cause stroke compared with individuals without SRMD ( Table 2 ). In order to explore whether the SRMD is an age-dependent risk factor for all-cause stroke, the patients were divided into 3 groups according to their age, namely <45, 45-64 and 65 years. The results showed that in comparison with the age/sex matched controls, the SRMD patients aged <45 years exhibited the highest risk of developing all-cause stroke (HR ¼ 4.03, 95% CI ¼ 3.11-5.62, P < 0.001), followed by the patients aged 65 years (HR ¼ 2.64, 95% CI ¼ 1.12-3.44, P < 0.001) and 45-64 years (HR ¼ 1.07, 95% CI ¼ 1.02-1.71, P < 0.001). As the majority (81.5%) of the SRMD cohort has PLMD, supposedly the increased risk of stroke is mainly ascribed to the PLMD component of the disease, rather than the RLS component.
We have further examined if SRMD is a sex-dependent risk factor for developing stroke. The Cox regression analysis revealed that the increased risk of all-cause stroke in SRMD males (HR ¼ 2.98, 95% CI ¼ 1.74-4.50, P < 0.001) was greater than that of females (HR ¼ 1.94, 95% CI ¼ 1.01-3.77, P < 0.001). Then, we have analyzed the incidence of stroke and the stroke subtypes by using the multivariate Cox proportional hazards regression analysis based on time intervals. Table 3 shows the impact of time on the risk of developing stroke. Patients with SRMD were most likely to develop all-cause stroke within one year (stroke of any type, HR ¼ 3.01, 95% CI ¼ 1.49-4.56, P < 0.001; hemorrhagic stroke, HR ¼ 4.38, 95% CI ¼ 2.80-5.07, P < 0.05; ischemic stroke, HR ¼ 2.98, 95% CI ¼ 2.01-4.79, P < 0.01) after diagnosis with timedependent decline characteristic (Table 3 ). However, the increased risk of hemorrhagic stroke in the second follow-up year (HR ¼ 4.44, 95% CI ¼ 2.76-5.33, P < 0.05) was even higher than the first one. Further, the Kaplan-Meier analysis showed that, compared to the matched controls, the patients with SRMD had significantly higher incidence of all-cause stroke (log-rank test P < 0.001, Figure 2A ), hemorrhagic stroke (log-rank test P ¼ 0.019, Figure 2B ) and ischemic stroke (log-rank test P ¼ 0.003, Figure 2C ).
The demographic status and comorbidity among the younger age group (<45 years) with PLMD and RLS were shown in Supplementary Tables S1 and S2. A lower prevalence of all the comorbidities including hypertension, DM, IHD, AF and OSA among the 216 SRMD patients aged < 45 (Supplementary Tables S1) compared to the whole SRMD cohort ( Table 1 ) may suggest that most cases in this age group of SRMD are primary. Interestingly, the prevalence of all the comorbidities did not show significant difference between PLMD and RLS groups of patients aged < 45, except for OSA which was not found in all RLS patients ( Supplementary Table S2 ). Additionally, SRMD patients aged < 45 seemed to have the highest risk of either type of stroke two years after being diagnosed, but the event numbers were small ( Supplementary Table S3 ). This is not consistent with the whole SRMD cohort in which patients were most likely to develop all-cause stroke within the first year after diagnosis (Table 3 ).
Discussion
In this population-based longitudinal study, we have found that the patients with SRMD had a significantly higher risk for developing all-cause stroke. In particular, the SRMD patients of below 45 years old were at the highest risk for developing either hemorrhagic or ischemic stroke than that of all other age groups. Among the all age groups, the age-stratified analysis suggests that the increased risk of hemorrhagic stroke is more significant than the ischemic stroke.
Since many evidences suggest that sleep disorders are associated with higher risk of cardiovascular events, including stroke, a recent prospective study with a population of relatively small scale revealed that the RLS can be a predictor of subcortical stroke. 13 Those patients with first-ever stroke were asked to complete a sleep questionnaire and not all the diagnosis of RLS could be confirmed by previous medical records. The memory bias could therefore exist in those patients with brain *P < 0.05; **P < 0.01; ***P < 0.001. *P < 0.05; **P < 0.01; ***P < 0.001. insults. In contrast, the diagnosis of SRMD in the present study was made according to standard criteria in our nation-wide health care system, 6, 7 and the time interval between diagnosis making of SRMD and the subsequent stroke could be collected correctly. This can partially explain why the prevalence of SRMD in our population is lower than others. It suggests that the disease state of SRMD in our case group may be more severe than those who were evaluated by primary screening instruments or questionnaires in other studies. Moreover, the racial differences in the prevalence of PLMD between Caucasian and African Americans has been reported. 19 The present study is the first one to present the prevalence of SRMD in a nation-wide population (in Taiwan) where Han Chinese accounts for about 98%. Sleep quality has been linked to an increased risk of cardiovascular diseases. [20] [21] [22] RLS and PLMD were shown to be associated with increased risk for cardiovascular disease in specified populations. [23] [24] [25] The systemic manifestations of SRMD may also affect the cerebrovascular circulation. In this context, a recent prospective study illustrated that the duration of RLS was an independent predictor of the burden of silent cerebral small vessel disease, a risk factor for clinical stroke. 26 The sympathetic hyperactivity associated with RLS may lead to non-dipping nocturnal blood pressure and atherosclerotic plaque rupture, leading to heart disease and stroke. 10 In the present study, the age groups of <45 years and 65 years patients with SRMD have a higher risk of stroke than the group of 45-64 years, which suggests that the people of different ages are differentially influenced by SRMD. Young patients with cerebrovascular malformation, e.g. may be predisposed to a much higher risk of stroke if they have SRMD. 27 Aged cerebral arteries may be affected more significantly by hemodynamic disturbance in SRMD patients older than 65 years.
Previous research showed that the prevalence of RLS was 25.3% amongst Taiwanese end-stage renal disease (ESRD) patients, 28, 29 significantly higher than the general population. RLS was demonstrated to be associated with cardio/cerebrovascular events and mortality in ESRD, regarding severity of RLS. 30 It may therefore suggest that ESRD patients have a higher risk of stroke when they developed SRMD. Moreover, the patients with irondeficiency anemia (IDA) are associated with an increased risk of RLS and the response rate to intravenous iron supplement reached 76%. 31 A population-based study showed a positive correlation between ischemic stroke and IDA. 32 A future study is required to demonstrate if IDA patients have a further higher risk of stroke when they develop SRMD.
Limitations
There are few limitations in this study. First of all, neither the different severities of SRMD nor the health information such as intensity of tobacco use, alcohol consumption, exercise habits nor diet that may influence the risk of SRMD and stroke were provided by the database. Secondly, the data may also include unidentified recurrent patients who may have had SRMD and stroke before 1996 when NHI was started. 33 Nevertheless, we only included the patients with new incidences of SRMD and stroke in order to increase the accuracy of the diagnosis of SRMD and stroke. Although our study depended on ICD codes, which may be different from other studies, the NHI administration in Taiwan has a cross-checking system to evaluate the precision of records from different hospitals. 34 The last, in some categories, the number of stroke outcomes, particularly for hemorrhagic strokes was small.
Conclusions
The SRMD were linked to an increased risk of all-cause stroke. The increased risk of hemorrhagic stroke is more significant than ischemic stroke in all the age groups. The SRMD patients below the age of 45 years old were at the highest risk of developing either hemorrhagic or ischemic stroke. Future intervention studies are required to investigate whether stroke risks can be reduced by providing effective treatments for SRMD patients, especially for young people.
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